Single-cell electroporation allows the transfection of a small number of neurons in an organotypic culture with a single plasmid or a defined mixture of plasmids. Desired protein expression levels can vary depending on the experimental goals (e.g., high expression levels are needed for optogenetic experiments); however, when too much protein is expressed, cellular toxicity and cell death may arise. To a large degree, protein expression can be controlled by adjusting the concentration of plasmid DNA in the electroporation pipette. Here, we present a protocol for transfecting individual neurons in hippocampal slice cultures by electroporation. Essentially, a patch-clamp setup is required that includes an upright microscope with infrared differential interference contrast or Dodt contrast with a camera and a specialized amplifier that is able to deliver large-voltage pulses to the electroporation pipette.
One hundred microliters of solution will be enough for more than 50 slices and can be stored between uses at −20˚C. It is important that the DNA-containing solution is not passed through the Millipore Ultrafree centrifugal filter unit. The optimal final DNA concentration must be determined empirically and is usually 1-100 ng/µL.
Single-Cell Electroporation
The hippocampal slice cultures used in this protocol must have been prepared under stringent sterile conditions and all steps in this procedure have to be performed under sterile conditions. For precautions to avoid contamination, see Protocol: Preparation of Slice Cultures from Rodent Hippocampus . It is recommended that the electroporation setup be close to the tissue culture hood. Furthermore, construction of a cabinet around the electroporation microscope with a fan and HEPA (high-efficiency particulate arrestance) filter to blow clean air down over the setup will reduce the incidence of contamination to almost never (for further description of this setup, see Protocol: Viral Vector-Based Transduction of Slice Cultures ).
3. Coat the tips of silver wires for the electroporation and grounding electrodes with Cl by bathing them in FeCl 3 solution for a few minutes (when scratched) or overnight (when new). 4. Place a fresh six-well plate containing 1 mL of slice culture medium in each well in the incubator for pre-equilibration. 5. Fabricate electroporation pipettes using a micropipette puller to pull thin-walled borosilicate capillaries to a resistance of 10-15 MΩ when filled with the intracellular solution. For each slice to be electroporated, back-fill one electroporation pipette with 1.5 µL of DNA/Alexa Fluor 594 solution (from Step 2).
Several pipettes can be filled at once and kept upright (tip down) for 1-2 h.
6. Working in a tissue culture hood, pipette 1 mL of transduction solution prewarmed to 37˚C into the microscope chamber. Use sterile forceps to transfer one slice culture insert into the chamber and add another 2 mL of transduction solution on top of the slice cultures. Place forceps into the hot bead sterilizer for 10 sec to resterilize between handling of inserts. 7. Cover the microscope chamber with a sterile 60-mm dish and transfer to the microscope. 11. Lightly touch the plasma membrane, which will cause a rise in pitch and tip resistance.
12.
Release the pressure (do not apply suction) and wait for resistance to increase to 25-40 MΩ; however, avoid the formation of a GΩ seal. 13. Apply pulse train (e.g., voltage: −12 V, pulse width: 500 µsec, frequency: 50 Hz, train duration 500 msec; the optimal settings may differ depending on cell type). 14. Slowly retract the pipette and begin applying very light pressure when 2-5 µm away from the soma. Increase pressure at larger distances.
Do not apply too much pressure while retracting the pipette, otherwise the cell may rupture. Electroporation success can be instantly evaluated by assessing Alexa Fluor 594 fluorescence in electroporated cells (Fig. 1) .
15. Repeat Steps 8-14 to electroporate more cells.
16.
Change the pipette before electroporating the second culture on insert and when the pipette becomes clogged. 17. Cover the chamber with a 60-mm dish and transfer to the tissue culture hood. Aspirate all solution and return the insert to the slice culture medium in the six-well plate (from Step 4).
The optimal time between electroporation and starting an experiment has to be determined empirically for each plasmid.
RELATED INFORMATION
This protocol is based upon the electroporation of single neurons in organotypic cultures described by Rathenberg et al. (2003) . Adjust pH to 7.4 with NaOH. After mixing all ingredients, check the osmolality-it should be 310-320 mOsm/kg. Filter-sterilize (0.2-µm pore size) and store at 4˚C.
